Nosocomial vancomycin-resistant Enterococcus (VRE) infections have been described in only small numbers of pediatric patients. In none of these studies were multivariate analyses performed to assess which factors were independent risk factors in these patients. In the present cohort study of patients admitted to our hematology/oncology unit, surveillance cultures revealed a colonization rate of 24% and all isolates were identified as Enterococcus faecium. Risk factors associated with colonization with VRE identified by multiple logistic regression analysis included young age and chemotherapy with antineoplastic agents, cefotaxime, vancomycin, and ceftazidime. A molecular epidemiological tool, pulsed-field gel electrophoresis, was used to determine the relatedness of the VRE isolates detected. DNA analysis by this method identified two major clusters of VRE isolates. Young children with gastrointestinal colonization with VRE, without evidence of clinical infection, can serve as a reservoir for the spread of VRE.
The evolution of antimicrobial resistance has become a global problem (2, 5, 20) . Analysis from the National Nosocomial Infections Surveillance system at the Centers for Disease Control and Prevention has demonstrated a 20-fold increase in nosocomial infections due to vancomycin-resistant enterococci (VRE) (4) . This development limits the therapeutic options for treating serious infections (15) . Acquisition of antimicrobial resistance by enterococci can be facilitated by interstrain spread of conjugative transposons, pheromone-responsive plasmids, and broad-host-range plasmids (18) .
Nosocomial VRE infections have been described frequently in adult intensive care patients (3, 7, 9, 14, 16, 23, 25) . However, VRE infections have been reported in only small numbers of pediatric patients (1, 10, 21) . In none of these studies were multivariate analyses performed to identify independent risk factors in these patients. Young children colonized gastrointestinally with VRE may transmit this organism by fecaloral spread and by contamination of their environment. The purpose of the present study was to determine the risk factors associated with VRE colonization in hospitalized children by using univariate and multiple logistic regression analyses. In addition, a molecular epidemiological tool was employed to establish the relatedness of the VRE isolates detected.
On 21 June 1994, a blood culture collected from a bone marrow transplant recipient yielded the first VRE identified at Children's National Medical Center (CNMC). This finding prompted an investigation of the prevalence of VRE colonization among high-risk patients at our institution-a multidisciplinary, regional referral center.
MATERIALS AND METHODS
Study design. Surveillance was conducted between 1 August and 20 October 1994 in our hematology/oncology (H/O) unit during an investigation of the circumstances surrounding the index case described above. The goal of this cohort study was to determine the prevalence of VRE colonization in our H/O unit. The H/O unit at CNMC has 27 beds, including 6 in individual positivepressure rooms (intended for bone marrow transplant patients) and 5 in individual rooms reserved for other patients. The remaining beds are located within rooms containing two beds. One hundred twenty-five patients were admitted to the H/O unit during the surveillance period. The purpose of the surveillance cultures was explained to the patients and their parents, and specimens were collected on admission or soon thereafter. The majority of patients had an underlying diagnosis of malignancy or sickle cell disease. This unit also served as an overflow unit for a small number of acute care patients. Data collected from each patient included age, gender, weight, and admitting or underlying diagnosis on the day of admission. Diagnoses were categorized by ICD9 code. The remaining variables (e.g., antimicrobial agent administration prior to specimen collection, use of invasive devices, operative status, number of hospitalizations within the prior year, immune system status, and length of hospitalization) were assessed prior to culture. Information from patient medical records was recorded on a standardized data form. History of antimicrobial agent administration prior to specimen collection was obtained from patients before admission and from patient medical records while at the hospital. Some antimicrobial agent administration histories prior to hospital encounter may have been incomplete due to poor recollection by patients. A history of use included agents given for infectious disease prophylaxis or agents administered in the emergency department prior to admission. The use of vancomycin, ceftazidime, cefotaxime, and other commonly prescribed antimicrobial agents were analyzed as independent variables.
Invasive device use was defined as placement of a central venous line, a Foley catheter, or mechanical ventilation prior to specimen collection. All patients had peripheral intravenous lines placed prior to culture collection.
Immunosuppressed status was defined by the following criteria: administration of antineoplastic therapy within 6 months of specimen collection, bone marrow transplantation prior to culture, or an absolute neutrophil count of Ͻ500 per mm 3 . Operative procedure status was considered relevant when documentation of an operating room procedure during the same admission prior to specimen collection was present in the medical record. These procedures included Broviac line placements and tumor debulking procedures.
Microbiological methods. Colonization with VRE was determined from rectal swabs obtained on admission to the H/O unit or from weekly surveillance cultures of rectal swabs obtained from patients hospitalized on the unit. Rectal swabs from all active H/O patients were cultured at least once. Rectal swabs were inoculated onto Campy blood agar with 10 g of vancomycin (Campy BAP; Becton Dickinson, Cockeysville, Md.) per ml (6) . Any growth or haze on the medium surface after 24 to 48 h of incubation at 35°C in ambient air was considered an indication of resistance to vancomycin. Suspicious nonhemolytic or alpha-hemolytic colonies were Gram stained to rule out the presence of Lactobacillus spp. Gram-positive cocci were tentatively identified as Enterococcus spp. with a negative catalase test and a positive pyrrolidonyl arylamidase test. Species identification was determined with the MicroScan WalkAway instrument (Positive Breakpoint Combo Panel Type 6; Dade MicroScan, West Sacramento, Calif.). Only one isolate per patient was studied.
MICs of vancomycin and other antimicrobial agents were also determined with the MicroScan WalkAway instrument. Panels were inoculated with turbiditystandardized suspensions prepared from overnight cultures of isolates characterized as resistant when cultured on Campy BAP. Panels were incubated for 24 h at 35°C and read by the MicroScan WalkAway instrument. Isolates were categorized as susceptible, intermediate, or resistant to antimicrobial agents in accordance with criteria published by the National Committee for Clinical Laboratory Standards (19) .
DNA analysis by pulsed-field gel electrophoresis (PFGE) was also performed. Genomic DNA from 30 VRE isolates was prepared for digestion and electrophoresis as described previously (7) . In brief, after digestion with the restriction endonuclease SmaI, chromosomal DNA fragments were separated with a contour-clamped homogenous electric field unit (CHEF-DR II; Bio-Rad Laboratories, Hercules, Calif.) and applied to agarose gels. The gels were stained with ethidium bromide and photographed. Gel patterns were compared, and isolates were categorized as indistinguishable, closely related, possibly related, or different in accordance with the criteria for interpreting PFGE patterns of Tenover et al. (24) .
Environmental cultures of swabs of the sink, bed rail, countertop, over-bed table, and room-exiting doorknob were performed in colonized patient rooms before and after discharge. Dacron-tipped swabs were moistened with sterile Trypticase soy broth and used to sample a 1-cm 2 area of the appropriate surfaces. Statistical methods. The Kruskal-Wallis test for continuous variables and Fisher's exact test for categorical variables were used for univariate comparisons of variables between patients who were VRE positive and those who were not (11, 12) . A significance level of Ͻ0.05 was chosen. Odds ratios and 95% confidence intervals were determined for each of the variables. Multiple logistic regression analysis was performed on variables that were statistically significant during the univariate analysis. Selection of variables was done by first performing a Fisher's exact test or t test for each binary variable or continuous variable. A significance level of P of Ͻ0.30 was chosen as a cutoff. The multiple logistic regression model was developed by using forward and backward subtraction, and the model was checked for multicollinearity. The SAS/STAT software (SAS Institute Inc., Cary, N.C.) was used for univariate and multivariate analysis (22) .
RESULTS
One hundred twenty-five children were admitted to the H/O unit between 1 August and 20 October 1994. Two patients refused surveillance cultures. Of the 123 children who were cultured for VRE, 30 were positive in addition to the index case (colonization rate, 24%). Twenty-six of the cultured children had incomplete medical record information and were excluded from the analysis, leaving a study sample size of 97 patients. Of the 26 patients with incomplete records, only one was colonized with VRE. The patients with missing records did not differ significantly from those in the study sample with respect to their demographic characteristics. Of the 97 study patients (30 VRE positive and 67 VRE negative), 46 had an underlying diagnosis of malignancy, 40 had sickle cell disease, and 11 had other diagnoses. During the surveillance period, one patient colonized with VRE developed VRE bacteremia while undergoing total body irradiation and chemotherapy as a prelude to bone marrow transplantation. During the first 3 weeks of October, 43 patients had surveillance cultures performed, with only one positive culture resulting. By that time, all current H/O unit patients had had surveillance cultures performed at least once. No additional cases of VRE infection or intestinal colonization were recognized after 20 October 1994, and surveillance cultures were discontinued. All of the environmental cultures were negative.
Among the 30 VRE-positive and 67 VRE-negative children, the risk factors associated by univariate analysis with VRE colonization were young age, use of invasive devices, administration of antimicrobial therapy, immunosuppression, and an underlying diagnosis of malignancy or sickle cell disease ( Table  1) . Several of these risk factors are surrogate markers for frequent hospitalization. The multiple logistic regression analysis using variables from Table 1 is shown in Table 2 . After controlling for other risk variables, our analysis showed that young patients who were given antineoplastic chemotherapy, cefotaxime, vancomycin, or ceftazidime prior to surveillance cultures had 10-, 38-, 50-, or 96-fold higher risks of VRE positivity, respectively ( Table 2 ). The risk coefficients for patients receiving cefotaxime and vancomycin or ceftazidime and vancomycin were not additive.
All of the isolates that appeared to be vancomycin resistant on Campy BAP were determined to be resistant with the MicroScan WalkAway instrument (MIC, Ͼ32 g/ml). All VRE isolates were Enterococcus faecium and were resistant to several other antimicrobial agents. However, all were susceptible to chloramphenicol and the high-level gentamicin synergy test and all but one were susceptible to tetracycline. Susceptibility to teicoplanin was not determined. PFGE was performed on 30 of the VRE isolates. The PFGE patterns for 28 of the 30 isolates are shown in Fig. 1 . Heterogeneity in these isolates was present. Fourteen different PFGE patterns were discerned. However, two pattern clusters encompassed 57% of the isolates tested: pattern cluster 1 encompassed 6 isolates (Fig. 1, lanes 1, 5, 16 , 18, 24, and 28), pattern cluster 2 encompassed 10 isolates (lanes 4, 6, 9, 11, 12, 13, 17, 19, 22, and 27), pattern cluster 3 encompassed 2 isolates (lanes 2 and 26), and pattern cluster 4 encompassed 2 isolates (lanes 3 and 20) . The remaining 8 isolates at best were possibly related. There was only a low-level correlation between the restriction endonuclease patterns and the antimicrobial agent resistance patterns.
DISCUSSION
In this study, a molecular epidemiological technique revealed the existence of multiple clusters of genetically related VRE isolates in our patient population. PFGE yielded several different patterns for the 30 isolates that were tested. Two PFGE patterns predominated among the isolates, suggesting patient-to-patient spread of VRE within this cohort of patients. There was no correlation between the rooms to which patients were admitted during the current admission and the PFGE patterns. One can speculate that dissemination of VRE strains within these cohorts occurred during previous admissions, since recurrent hospitalization is frequent among highrisk H/O patients. In the United States, most acquisition of VRE occurs in the hospital. This is in contrast to the published experience in Europe, where community-acquired infections have been described (8) . Little if any relation could be established between restriction endonuclease patterns and patterns of antimicrobial agent resistance.
We also identified a 24% carrier rate and risk factors asso- 4, 6, 9, 11, 12, 13, 17, 19, 22 , and 27, pattern cluster 2 (10 isolates); lanes 2 and 26, pattern cluster 3 (2 isolates); and lanes 3 and 20, pattern cluster 4 (2 isolates). The remaining 10 isolates could represent possibly related strains. ciated with this carriage. Multivariate analysis indicated that VRE-colonized patients were young, tended to have received prior antimicrobial therapy, and were immunosuppressed. Our results are in keeping with those from a study of pediatric oncology patients in which neutropenia, exposure to broadspectrum antimicrobial agents, and administration of vancomycin were important risk factors (10) . Multiple logistic regression analysis of our data found, however, that ceftazidime therapy preceded VRE colonization more often than vancomycin therapy did (odds ratio, 95.6 versus 50.4). The same analysis revealed that administration of cancer chemotherapeutic agents within the previous 6 months also increased the risk of VRE colonization. During the surveillance period, one of our patients experienced VRE bacteremia while receiving chemotherapy in preparation for a bone marrow transplant.
Intestinal tract colonization with VRE may put patients with malignancies at risk for VRE bacteremia, especially during neutropenic episodes (10) .
The Hospital Infection Control Practices Advisory Committee guidelines on prevention and control of the spread of VRE were implemented in our H/O unit once patients were identified as colonized (13) . Parents, family members, and staff were given VRE fact sheets, and the importance of observing infection prevention and control measures was emphasized. Because the gastrointestinal tract can remain colonized with VRE for prolonged periods without clinically apparent disease, early identification of infected patients is critical, especially when dealing with young children with poor hygiene who are prone to fecal-oral spread of microorganisms.
